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[0001] This application claims the benefit of Korean Application No. 2002-53086, filed on 
September 4, 2002 in Korea, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a thin film transistor for use in a liquid crystal display 
device, and more particularly, to a method of fabricating a top gate type thin film transistor 
(TFT) having low temperature polysilicon. 

Discussion of the Related Art 
[0003] In general, silicon is classified into amorphous silicon and crystalline silicon 
depending on the silicon's crystalline state. It is possible for the amorphous silicon to be formed 
as a thin film on a glass substrate. Because the glass substrate has a low melting point, the 
amorphous silicon is deposited at a low temperature on the glass substrate. The amorphous 
silicon is generally used for a switching device, such as a thin film transistor in pixel of a liquid 
crystal display panel. However, a thin film of amorphous silicon has some disadvantages, such 
as decreased reliability, decreased electrical characteristics when used in a switching device, and 
is difficult to redundantly form in each pixel of a very large area liquid crystal display panel. 
[0004] A liquid crystal display panel can be utilized for a laptop computer, a wall-mounted 
TV or other commercial applications. However, since these commercial products need a large- 
sized display, high resolution, and high color image rendering capability, the thin film transistor 
used as a switching device in each pixel has to have superior electrical characteristics, such as 
high field effect mobility, reliability against high frequency, and low leakage current. The 
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demand for such superior electrical characteristics has forced thin film transistor producers to 
research and develop polycrystalline silicon (i.e., polysilicon) for use in the thin film transistor. 
[0005] Recently, a low temperature polysilicon thin film transistor (LTPS-TFT) has been 
widely attracting attention for system-on-panel-integration in CMOS process. Such an LTPS- 
TFT can be used in an active matrix type liquid crystal display device. However, at this time, it 
is necessary to enhance the quality of a gate insulation layer for the purpose of improving the 
operating characteristics of the low temperature polysilicon thin film transistor (LTPS-TFT). 
[0006] FIG. 1 is a cross- sectional view illustrating a low temperature polysilicon thin film 
transistor (LTPS-TFT) according to the related art. As shown in FIG. 1, the LTPS-TFT has a 
polysilicon active layer 16 over a substrate 10 and a gate electrode 20 over the polysilicon active 
layer 16 to make a top gate type thin film transistor. Because the polysilicon active layer 16 is 
formed by applying heat to amorphous silicon, the gate electrode 20 is formed in a later step after 
the step of forming the polysilicon layer 16 to protect the gate electrode 20 from the applied heat. 
More specifically, since the metal of the gate electrode 20 may be affected by the applied heat, 
the polysilicon layer 16 is formed and then the gate electrode 20 is formed over the polysilicon 
active layer 16 thereafter. Between the active layer 16 and the gate electrode 20, a silicon oxide 
18 (often referred to as a gate insulation layer) is formed. The polysilicon active layer 16 is 
divided into an active portion 16a in the middle and highly-doped source/drain portions 16b on 
left and right sides. The gate electrode 20 is formed to correspond in position to the active 
portion 16a. Source and drain electrodes 28 and 30 are formed over the substrate 10 to contact 
the highly-doped source/drain portions 16b, respectively. 
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[0007] The polysilicon may be used for a bottom gate type thin film transistor. The bottom 
gate type thin film transistor usually has a gate electrode on a substrate, a gate insulation layer on 
the gate electrode, and an amorphous silicon layer on the gate insulation layer especially over the 
gate electrode. The amorphous silicon layer is then crystallized through the laser crystallization 
to be the polysilicon layer. At this time, however, there are some disadvantages, i.e., the step of 
the gate electrode causes the nonuniformity of the polysilicon. Therefore, the bottom gate type 
thin film transistor having such polysilicon represents bad electrical characteristics so that the 
polysilicon layer is hardly used for the bottom gate type thin film transistor. 
[0008] FIGs. 2 A to 2E are cross-sectional views illustrating process steps of forming a low 
temperature polysilicon thin film transistor (LTPS-TFT) having a top gate according to the 
related art. As shown in FIG. 2 A, a buffer layer 12 is first deposited on the substrate 10. The 
buffer layer 12 is formed of one of silicon nitride and silicon oxide. The buffer layer 12 prevents 
alkali substances and the like in the substrate 10 from spreading into a silicon layer that is 
subsequently formed. Thereafter, an amorphous silicon (a-Si:H) layer 14 is sequentially 
deposited on the buffer layer 12, and then crystallized. There are a lot of methods of 
crystallizing amorphous silicon including, for example, laser crystallization. Besides laser 
crystallization, other low temperature crystallization methods can be applied to the amorphous 
silicon 14 for silicon crystallization. 

[0009] Referring to FIG. 2B, the crystallized silicon layer (i.e., a polysilicon layer) is 
patterned to from an island-shaped active layer 16. The polysilicon active layer 16 is divided 
into a fist portion 16a and second portions 16b. The first portion 16a is located in the middle of 
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the polysilicon active layer 16, and the second portions 16b are located on both right and left 
sides of the first portion 16a. The first portion 16a is often referred to as an active portion, and 
the second portions 1 6b are often referred to as ohmic contact portions. A gate insulation layer 
18 is formed on the buffer layer 12 to cover the polysilicon active layer 16. The gate insulation 
layer 18 is made of silicon oxide (SiO x ) using a Plasma Enhanced Chemical Vapor Deposition 
(PECVD) method. 

[0010] Referring to FIG. 2C, a gate electrode 20 is formed on the gate insulation layer 18 to 
define the active portion 1 6a. Thereafter, the gate insulation layer 18 is patterned into a gate- 
electrode shape, but this patterning process can be omitted so that the gate insulation layer 18 can 
remain on the buffer layer 12 while covering the polysilicon active layer 16. After forming the 
gate electrode 20 right above the active portion 16a, dopant ions, such as p-type ions, are doped 
into the second portions 16b. Since the gate electrode 20 is disposed above the first portion 16a 
and acts as an ion stopper, the dopant ions, such as p-type ions, are not doped into the first 
portion 16a. The doped areas, the second portions 16b, become highly-doped source/drain 
contact areas where source and drain electrodes are contacted in a later step. 
[0011] Referring to FIG. 2D, an interlayer insulator 22 is formed over the entire substrate 10 
to cover the gate electrode 20, the gate insulation layer 18 and the active layer 16. A first contact 
hole 24 and a second contact hole 26 are formed through the interlayer insulator 22, thereby 
exposing the second portions 16b (i.e., the highly-doped source/drain portions) of the polysilicon 
active layer 16, respectively. The exposed second portions 16b are source and drain regions on 
which source and drain electrodes are formed, respectively. 
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[0012] Referring to FIG. 2E, a source electrode 28 and a drain electrode 30 are formed on the 
interlayer insulator 22. The source and drain electrodes 28 and 30 electrically contact the 
exposed second portions 16b of the polysilicon active layer 16, respectively, through the 
respective first and second contact holes 24 and 26. This completes a top gate type thin film 
transistor having a low temperature polysilicon layer. 

[0013] However, the method of forming the low temperature polysilicon thin film transistor 
includes some disadvantages. The gate insulation layer of silicon oxide is formed on the 
polysilicon active layer, and then the gate electrode is formed on the silicon oxide gate insulation 
layer. At this time, interface states are inevitably formed between the gate insulation layer and 
the polysilicon active layer. Furthermore, the operating characteristics of the LTPS-TFT may 
degrade due to the fact that the silicon oxide gate insulation layer has low resistance against F-N 
stress (Fowler-Nordheim stress). 

[0014] FIG. 3 is a graph showing current characteristics of silicon oxide layer in accordance 
with gate voltage and gate current density applied to a metal of the Metal-Oxide-Semiconductor 
(MOS) structure. As shown in FIG. 3, as the gate voltage is applied to the metal of the MOS 
structure, the gate current density applied to the silicon oxide layer is divided into three different 
dominant regions; a leakage current dominant region (gate insulation layer quality dependent 
region), a F-N tunneling dominant region that is a peculiar current mechanism of silicon oxide, 
and a hard breakdown region where the silicon oxide layer loses its dielectric characteristic. The 
current passing through the silicon oxide layer is represented by summing up the leakage current 
value and the tunneling current value. 
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[0015] To test the reliability of the silicon oxide layer, the voltage and current level in the 
F-N tunneling dominant region is continuously applied to the silicon oxide layer such that an F- 
N stress is continuously applied to the silicon oxide layer. Thereafter, the point of time of 
breakdown is measured in the silicon oxide layer. For example, the constant current in the F-N 
tunneling dominant region is applied to the silicon oxide layer for a long time. The time of 
breakdown of the silicon oxide layer can be represented by current density x time to dielectric 
breakdown = charge to breakdown. As the value of charge to breakdown increases, so does the 
reliability of the silicon oxide layer. The LTPS-TFT fabricated through the related art of FIGS. 
2A-2E has a silicon oxide layer 18 shows a very low resistance to F-N stress. 

SUMMARY OF THE INVENTION 
[0016] Accordingly, the present invention is directed to a method for fabricating a low 
temperature polysilicon thin film transistor (LTPS-TFT) that substantially obviates one or more 
of the problems due to limitations and disadvantages of the related art. 
[0017] An advantage of the present invention is to provide a method for fabricating a 
polysilicon thin film transistor, which has an improved silicon oxide layer. 
[0018] Another advantage of the present invention is to provide a method of fabricating a 
polysilicon thin film transistor, which increases the reliability of the silicon oxide layer. 
[0019] Additional features and advantages of the invention will be set forth in the description 
which follows and in part will be apparent from the description, or may be learned by practice of 
the invention. The objectives and other advantages of the invention will be realized and attained 
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by the structure particularly pointed out in the written description and claims hereof as well as 
the appended drawings. 

[0020] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, the present invention provides a method 
of forming a polysilicon thin film transistor that includes depositing an amorphous silicon layer 
over a substrate, crystallizing the amorphous silicon layer into a polycrystalline silicon layer, 
patterning the polycrystalline silicon layer to form a polysilicon active layer for a thin film 
transistor, depositing silicon oxide over the polysilicon active layer to form a gate insulation 
layer under a vacuum condition, applying heat to anneal the gate insulation layer under a vacuum 
condition and forming a gate electrode on the annealed gate insulation layer. 
[0021] In another aspect, a method of forming a polysilicon thin film transistor includes 
forming a buffer layer over a substrate, depositing an amorphous silicon layer over the buffer 
layer, crystallizing the amorphous silicon layer into a polycrystalline silicon layer, patterning the 
polycrystalline silicon layer to form a polysilicon active layer, depositing silicon oxide over the 
polysilicon active layer to form a gate insulation layer under a vacuum condition, applying heat 
to anneal the gate insulation layer under a vacuum condition, forming a gate electrode on the 
annealed gate insulation layer, applying dopants to the polysilicon active layer to form source 
and drain regions, forming an interlayer insulator to cover the gate electrode, the gate insulation 
layer and the source and drain regions, forming source and drain contact holes in the interlayer 
insulator to expose portions of the source region and the drain region, respectively, and forming 
source and drain electrodes. 
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[0022] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this application, illustrate 
embodiments of the invention and together with the description serve to explain the principle of 
the invention. 

[0024] FIG. 1 is a cross-sectional view illustrating a low temperature polysilicon thin film 
transistor (LTPS-TFT) according to a related art. 

[0025] FIGs. 2A to 2E are cross-sectional views illustrating process steps of forming a low 
temperature polysilicon thin film transistor (LTPS-TFT) having a top gate according to the 
related art. 

[0026] FIG. 3 is a graph showing current characteristics of silicon oxide layer in accordance 
with gate voltage and gate current density applied to a metal of the Metal-Oxide-Semiconductor 
(MOS) structure. 

[0027] FIG. 4 is a graph showing the results of normalized quasi-static C-V (capacitance- 
voltage) plot. 

[0028] FIG. 5 is a graph showing Q b a (Charge to Breakdown) characteristics of as-deposited 
and post annealed silicon oxide under constant current FN stress of (-) 25.5 jaA/cm 2 . 
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[0029] FIGs. 6A-6E are cross-sectional views illustrating process steps of forming a low 
temperature polysilicon thin film transistor (LTPS-TFT) having a top gate type according to the 
present invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
[0030] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings. Wherever possible, the similar 
reference numbers will be used throughout the drawings to refer to the same or like parts. 
[0031] In exemplary embodiments of the present invention, the reliability of a silicon oxide 
(SiO x ) layer, which is formed by SiH 4 -based plasma enhanced chemical vapor deposition 
(PECVD) and implemented in metal-oxide-semiconductor (MOS) capacitors, is improved. 
Additionally, the characteristics of a low temperature polysilicon thin film transistor (LTPS-TFT) 
are improved using a more reliable silicon oxide (SiO x ) layer. The improvement in the integrity 
of the silicon oxide (SiO x ) layer and device reliabilities using such an improved a silicon oxide 
(SiO x ) layer are achieved by applying an appropriate thermal treatment after silicon oxide 
deposition. Preferably, after a silicon oxide layer is deposited over a substrate, an annealing 
process is performed on the silicon oxide layer under a pressure of 500 mTorr at a temperature of 
less than 500 degrees Celsius. 

[0032] For example, a MOS capacitor having a 100 nm-thick silicon oxide layer is formed 
on a p-type silicon wafer by using SiH 4 -based PECVD. After the silicon oxide deposition, 
elevated-temperature post annealing without vacuum break is applied to the deposited silicon 
oxide and compared with as-deposited oxide. Silicon oxide integrity characteristics, such as flat 
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band voltage (V^) shift by Fowler-Nordheim stress (FNS), charge to breakdown, and charge 
trapping under FNS, are measured and compared between the as-deposited and post annealed 
silicon oxide layers. 

[0033] To evaluate the reliability of the silicon oxides implemented in a TFT, polysilicon 
TFT test devices with gate width W=8 micrometers (um) and gate length L=6 micrometers (urn) 
are fabricated with a CMOS process. A polysilicon layer is made from amorphous silicon (a-Si) 
precursor by excimer laser annealing. After defining the active area of polysilicon, the silicon 
oxides with the same split conditions described above are deposited and a gate electrode is 
formed. TFT device parameters, such as field effect mobility, transconductance, subthreshold 
swing, and threshold voltage (V t h), are also compared with respect to the reliability. The 
parameters of MOS and CMOS TFT devices are measured with a HP 4145 semiconductor 
parameter analyzer. 

[0034] MOS capacitance-voltage (C-V) characteristics are investigated before and after FNS. 
FIG. 4 shows the result of normalized quasi-static C-V plot. For the F-N stress, a constant 
current density of (-) 20 nA/cm2 is applied to the gate for about 100 seconds at room 
temperature. Applying constant current F-N stress, negative shift of C-V plot with severe 
distortion is observed for as-deposited silicon oxide. This shift results from hole trapping in the 
silicon oxide film supplied from the p-type silicon substrate. The negative shift of C-V plot and 
its distortion, however, is reduced for the post annealed silicon oxide. The inset in FIG. 4 shows 
a flat band voltage V ft and mid gap interface states density D it before and after the F-N stress. 
For the post annealed silicon oxide, both initial V ft and D it are reduced. By applying the F-N 
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stress, the differences of both of Vfb and Dj t between the as-deposited (or control) and post 
annealed silicon oxide are still more enhanced. This result means that the silicon oxide integrity 
reliability depends on mid gap D; t generation under the F-N stress, which is improved by 
applying post anneal after silicon oxide deposition. In FIG. 4, it is possible to compare Vfb and 
D it both of which represent the conditions of the as-deposited and post annealed silicon oxide 
(SiOx). At the initial state of the first annealing, the flat band voltage Vfb has a value of about - 
2.2 V [Vfb (V) □ - 2.2 V], and the mid gap interface states density D it has a value of 1 x 10 12 / cm 2 
e V [Dit( 1 0 1 2 /cm 2 e V) = 1 x 1 0 1 2 / cm 2 e V] . After FNS in the present invention, however, the flat 
band voltage V ft has a value of about -2.5 V [Va (V) □ - 2.5 V], and the mid gap interface states 
density D it has a value of 2.3xl0 12 / cm 2 eV [Dit(10 ,2 /cm 2 eV) = 2.3xl0 12 / cm 2 eV]. As a result, 
the difference of flat band voltage (AVa) between initial flat band voltage [Vfb(initial)] and flat 
band voltage after Fowler-Nordheim stress [Vfb(FNS)] is only less than 0.5 V after applying the 
heat to anneal the gate insulation layer, i.e., [A Vfb = Vfb(initial) - V ft (FNS)] < 0.5 V. 
[0035] Charge to breakdown Qbd characteristics for the as-deposited and post annealed 
silicon oxide layers are investigated under the constant current F-N stress. FIG. 5 represents the 
charge to breakdown Qbd of the as-deposited and post annealed silicon oxides. The charge to 
breakdown Qbd of the post annealed silicon oxide is higher than that of as-deposited oxide, and so 
is the silicon oxide integrity. This can be understood from the charge trapping characteristics 
under constant current F-N stress by monitoring gate voltage variation. The inset represents the 
gate voltage variation to maintain a constant current stress of (-) 1.27 pA/cm 2 . The gate voltage 
variation, due to charge trapping, as time elapses is severer for the as-deposited oxide compared 
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with the post annealed silicon oxide. This explains the silicon oxide integrity dependence on 
charge trapping characteristics, and the silicon oxide integrity of the post annealed silicon oxide 
under the constant current F-N stress is drastically improved by reduced charge trapping. 
[0036] In exemplary embodiments of the present invention, the characteristics of the silicon 
oxide film formed by SiH 4 -based PECVD are studied for TFT application, and the silicon oxide 
integrity and its reliability are compared between the as-deposited and post annealed silicon 
oxides. By applying post anneal, obtained are the highly reliable silicon oxide (i.e., the higher 
charge to breakdown) and the less flat band voltage shift by the F-N stress, which can be 
explained by the reduction of charge trapping and less deep level interface states generation 
compared with the as-deposited case. Furthermore, obtained are more reliable CMOS 
characteristics explained by the increase of the F-N stress reliability and hot carrier stress 
immunity by applying elevated temperature post anneal after gate oxide deposition. These 
improvements of silicon oxide integrity, reliability, and CMOS performances give a solution for 
system-on-panel-integration of flat panel displays. 

[0037] FIGs. 6A-6E are cross-sectional views illustrating process steps of forming a low 
temperature polysilicon thin film transistor (LTPS-TFT) having a top gate according to an 
embodiment of the present invention. As shown in FIG. 6 A, a buffer layer 102 is first deposited 
on a substrate 100. The buffer layer 102 is formed of one of silicon nitride and silicon oxide, for 
example. Here, the buffer layer 102 prevents alkali substances and the like in the substrate 100 
from spreading into a later formed silicon layer. Thereafter, an amorphous silicon (a-Si:H) layer 
104 is deposited on the buffer layer 102, and then crystallized. There are a lot of methods of 
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crystallizing amorphous silicon including, for example, laser crystallization. Other than laser 
crystallization, other low temperature crystallization methods can be applied for the silicon 
crystallization. 

[0038] Referring to FIG. 6B, the crystallized silicon layer (i.e., a polysilicon layer) is 
patterned to form an island- shaped active layer 106. The polysilicon active layer 106 is divided 
into a fist portion 106a and second portions 106b. The first portion 106a is located in the middle 
of the polysilicon active layer 106, and the second portions 106b are located on both right and 
left sides of the first portion 106a. The first portion 106a is often referred to as an active portion, 
and the second portions 106b are often referred to as ohmic contact portions. A gate insulation 
layer 108 is formed on the buffer layer 102 to cover the polysilicon active layer 106. The gate 
insulation layer 108 is made of silicon oxide (SiO x ) using a Plasma Enhanced Chemical Vapor 
Deposition (PECVD) method in a vacuum chamber, for example. 

[0039] When forming the silicon oxide gate insulation layer 108 using PEVCD, a vacuum 
chamber is utilized so that the silicon oxide is deposited over the substrate 100 under a vacuum 
condition. After the silicon oxide deposition, an annealing process is applied under a vacuum 
condition to the deposited silicon oxide layer 108 without breaking the vacuum created when the 
silicon oxide layer was formed. In the vacuum chamber, during the annealing process, the 
circumstance maintains under a pressure from 50 mTorr to 5000 mTorr, about 500 mTorr, for 
example. During the annealing, the heat is applied at 400 to 600 degrees Celsius, thereby 
performing the desired annealing process to the silicon oxide gate insulation layer 108. The 
atmosphere of the vacuum chamber can be partially or fully filled with N 2 , H 2 , O2, N 2 0 and/or 
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NO during the annealing. If the above-mentioned annealing process is conducted under the H2 
atmosphere, the resulting silicon oxide gate insulation layer 108 can become highly dense. The 
annealing temperature should be generally higher than the deposition temperature of silicon 
oxide. Although it is said the annealing process above is conducted under the vacuum 
circumstance, it is possible to performing the annealing process under a non-vacuum condition. 
[0040] Referring to FIG. 6C, a gate electrode 1 10 is formed on the gate insulation layer 108 
to define the active portion 106a. Thereafter, the gate insulation layer 108 is patterned into a 
gate-electrode shape, but this patterning process can be omitted so that the gate insulation layer 
108 can remain on the buffer layer 102 while covering the polysilicon active layer 106. After 
forming the gate electrode 110 right above the active portion 106a, p-type ions (e.g. boron ions) 
are doped onto the second portions 106b. Instead of the p-type ions, n-type ions (e r g., 
phosphorous ions) can be applied to the second portions 106b. Since the gate electrode 1 10 is 
disposed above the first portion 106a and acts as an ion stopper, the dopants, such as p-type ions, 
are not doped into the first portion 106a. The doped areas, the second portions 106b, become 
highly-doped source/drain contact areas where source and drain electrodes contact in a later step. 
[0041] Referring to FIG. 6D, an interlayer insulator 1 12 is formed over the entire substrate 
100 so as to cover the gate electrode 110, the gate insulation layer 108 and the active layer 106. 
A first contact hole 1 14 and a second contact hole 1 16 are formed through the interlayer insulator 
112, thereby exposing the second portions 106b (i.e., the highly-doped source/drain portions) of 
the polysilicon active layer 106, respectively. The exposed second portions 106b are source and 
drain regions on which source and drain electrodes are formed, respectively. 
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[0042] Referring to FIG. 6E, a source electrode 120 and a drain electrode 122 are formed on 
the interlay er insulator 112. The source and drain electrodes 120 and 122 electrically contact the 
exposed second portions 106b of the polysilicon active layer 106, respectively, through the 
respective first and second contact holes 114 and 116. This completes a top gate type thin film 
transistor having the low temperature polysilicon layer and the improved gate insulation layer 
according to this embodiment of the present invention. 

[0043] According to the inventive method of forming the low temperature polysilicon thin 
film transistor, the gate insulation layer is formed in high density and with improved reliability, 
which leads to reduction of interface trap density at an interface between the polysilicon active 
layer and the gate insulation layer. Furthermore, the operating characteristics of the LTPS-TFT 
can be greatly reliable, and the resistibility against F-N stress (Fowler-Nordheim stress) can be 
improved. 

[0044] It will be apparent to those skilled in the art that various modifications and variations 
can be made in the present invention without departing from the spirit or scope of the invention. 
Thus, it is intended that the present invention cover the modifications and variations of this 
invention provided they come within the scope of the appended claims and their equivalents. 
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